Abstract-A technique for a continuously variable AC resistance using a series BJT array is presented. This array provides high power dissipation capability and uniform voltage and power distribution across the individual transistors. The array, controlled using a set of optoisolators to maintain the electrical isolation between the control circuits and the power stage, could be used as the basis to develop several useful techniques including a solid state AC regulator with comparable performance to the commonly used ferro-resonant systems; a linear AC electronic load suitable for testing UPS and other power conditioners; and, in other AC power control applications such as switching capacitors in AC resonant circuits. Developing a variable AC impedance with sufficient power handling capability requires several special characteristics such as (i) equal power dissipation and voltage distribution among transistor elements with reasonable device temperatures (ii) fast transient capability and low harmonic distortion on the output waveform (iii) electrical isolation for low voltage control circuitry (iv) simple and easy control. This is particularly the situation when the power handling capacity of the load is in the order of few 100 watts to few kilowatts. In order to achieve the above a large signal circuit design approach need be used, while accommodating the wide variation of the instantaneous voltage over the AC cycle.
I Introduction
Varying the effective impedance of a power transistor to implement a linear regulator or an electronic DC load is a well established technique. However Developing a variable AC impedance with sufficient power handling capability requires several special characteristics such as (i) equal power dissipation and voltage distribution among transistor elements with reasonable device temperatures (ii) fast transient capability and low harmonic distortion on the output waveform (iii) electrical isolation for low voltage control circuitry (iv) simple and easy control. This is particularly the situation when the power handling capacity of the load is in the order of few 100 watts to few kilowatts. In order to achieve the above a large signal circuit design approach need be used, while accommodating the wide variation of the instantaneous voltage over the AC cycle.
First part of the paper describes the generalized theoretical approach, design simplifications and the successful implementation of a power sharing series transistor array with uniform voltage distribution across the elements and electrically isolated control inputs, together with some representative experimental results for a 4 element array. This generalization is based on the successful practical implementation of a solid state AC regulator technique [1] [2] [3] based on a series BJT array.
Second part of the paper briefly describes the implementation of a lkVA output capability solid state AC regulator and the basic approach to develop a linear AC load based on digital control suitable for automatic testing of uninterruptible power supplies (UPS) and other AC to AC converter systems such as power conditioners etc.
II Concept A conceptual approach for changing the effective collector-emitter resistance of a BJT over a wide range is shown in Figure 1 where a bipolar power transistor (or an array) is inserted between the bridge points of a diode bridge to achieve AC operational capability. When the transistor array is used in 230V AC applications such as in an AC regulator design the instantaneous peak values often vary up to approximately 330 2 V for a range of input AC RMS voltages from 160V to 260V [5] . Such practical circumstances make the voltage drop of 1 Figure 3 where Darlington pairs are used to achieve easier control with low base currents, in Eqn (9) the term Isejq0Vfl, kT is replaced by the equivalent relationship for the Darlington pair [8, 9] . [10] , the effective resistance will be a more complex nonlinear function. Reference [ 11] suggests a methodology for analyzing the nonlinear behaviour of the circuit. However this discussion is beyond the scope of this paper. Figure 6 indicates the concept and the implementation block diagram of a 230V/50Hz capable IKVA regulator based on the same principle. This technique was developed [2] to overcome the frequency sensitivity, waveform distortion and the lower overall efficiency of the commonly used ferro-resonant regulators and the slow response of motor driven variacs [4, 5] Figure 5 indicates the variation of the effective resistance versus control input IF for RB values of 270kQ and 180 kQ for a four element array (as in Fig 3) capable of 1OOW dissipation. It is clear that the lowest value reaches the theoretical value expected from 4RB/IJ. As indicated in figure   5 for the case of 50V AC input with RB=270kQ, the array reaches a maximum at higher values of IF as per predictions. However the maximum value is significantly lower than the expected due to leakage effects of the transistors and diodes.
[Due to high leakage currents in the power Darlington pair the effective maximum resistance drops].
Also the graphs indicate the dependence of the effective resistance on the AC line voltage, due to device nonlinearities and the dependence of, on the instantaneous collector current over the AC cycle.Another practical situation is that the transistors used in the circuit has non identical ,B values. In this situation it is easy to compensate by slightly adjusting the RB values deviating from the relationships in Eqn (5) VI Application examples A. Design ofan AC regulator based on the technique Control circuit compares the actual RMS output with a reference value and adjusts the current flowing in the series connected opto isolator input diodes. This effectively controls the value of Rarray which is the impedance of the series transistor array. Figure 7 indicates the performance of the system in Figure 6 (b) based on a four element array built using Darlington pairs of 2N6773 and 2N4923. The technique can be easily enhanced with a digital control subsystem 
B Electronic AC Load
Another useful application of the technique is in an electronic AC load. The design approach for an AC electronic load with processor control is indicated in Figure 9 . Figure  8(a) indicates the use of an ATmel 8 bit processor coupled with the array where the current and the voltage of the transistor array is fed into the ADC for setting the resistance. Figure 8(b) indicates the software flow chart.
The electronic AC load (currently under development) allows us to compensate for the nonlinear behaviour of the array using a digital correction algorithm. The system takes care of the non linear behavior of the array due to the dependence of the transistor parameters on the instantaneous voltages of the AC cycle. To further reduce the percentage error in Figure 10 system need to be tuned and the work is in progress.
VII Conclusion
The concept of using a series transistor array with opto isolator based control can be used in several AC power control applications such as AC voltage regulators, AC electronic loads, and miscellaneous other applications such as switching of AC resonant circuits etc. Further investigations are in progress in relation to improving the linearity and the control aspects. With the availability of IGBT modules, by suitable design modifications, the concept can be applied to much higher power requirements in electronic AC loads etc.
